Guanidinoacetate methyltransferase is the enzyme which catalyzes the last step of creatine biosynthesis. The enzyme is found ubiquitously and in abundance in the livers of all vertebrates. Recombinant rat-liver guanidinoacetate methyltransferase has been crystallized with guanidinoacetate and S-adenosylhomocysteine. The crystals belong to the monoclinic space group P2 1 , with unit-cell parameters a = 54.8, b = 162.5, c = 56.1 A Ê , = 96.8 (1) at 93 K, and typically diffract beyond 2.8 A Ê .
Introduction
Guanidinoacetate methyltransferase (S-adenosyll-methionine±guanidinoacetate N-methyltransferase, GAMT, E.C. 2.1.1.2), ®rst found in pig liver by Cantoni & Vignos (1954) , is the enzyme which catalyzes the last step of creatine biosynthesis. The enzyme is found ubiquitously and in abundance in the livers of all vertebrates.
In humans, the biosynthesis of creatine is reported to represent about 75% of the total utilization of methionine through S-adenosylmethionine (AdoMet; Mudd & Poole, 1975) ; GAMT is therefore believed to be the major enzyme involved in the metabolic conversion of AdoMet to S-adenosylhomocysteine (AdoHcy) in vertebrates. A hereditary disease with extrapyramidal motor disorder and extremely low concentrations of creatine in the brain, serum and urine has recently been described (Sto È ckler et al., 1994) and shown to be a consequence of a de®ciency of GAMT in the liver (Sto È ckler et al., 1996 (Sto È ckler et al., , 1997 .
GAMT was puri®ed to homogeneity from the livers of pig and rat by Im et al. (1979) and Ogawa et al. (1983) , respectively, and shown to be a monomeric protein with a relatively small molecular size (M r = 26 kDa). The amino-acid sequences of the rat (Ogawa et al., 1988) and human enzymes (Isbrandt & Figura, 1995) were deduced from the respective cDNA sequences (Ogawa et al., 1988; Isbrandt & Figura, 1995) , respectively. There is a 82.5% homology in the nucleotide sequence and a 86.9% homology in the deduced amino-acid sequence between the two enzymes. The ratliver GAMT was produced recombinantly in large amounts in Escherichia coli (Ogawa et al., 1988) and its structural and functional features have been studied by chemical modi®cation, site-directed mutagenesis and limited proteolysis. These studies have revealed that Cys15, Cys90 and Cys219 occur spatially close together Takata et al., 1991) and that the region around residues 19±24 is highly exposed to the solvent and is exible (Takata & Fujioka, 1990; Fujioka et al., 1991) . The portion of the enzyme including these cysteine residues and the N-terminal region are apparently distant from the active site. On the other hand, ultraviolet irradiation of the enzyme in the presence of AdoMet resulted in covalent attachment of the compound to Tyr136 showing characteristics of af®nity labeling (Takata & Fujioka, 1992) . Thus, Tyr136 occurs at or near the active site. A subsequent site-directed mutagenesis study has indicated that Asp134 is critical for AdoMet binding and that Tyr136 has no direct role in the AdoMet binding (Takata et al., 1994) . Here, we describe the puri®cation, crystallization and preliminary crystallographic characterization of GAMT from rat liver.
Materials and methods

Puri®cation
Recombinant guanidinoacetate methyltransferase was produced in E. coli JM109 transformed with plasmid pUCGAT9-1 which contained the coding region of rat GAMT cDNA linked to the lac promoter (Ogawa et al., 1988) . The cells were grown in 2ÂYT medium containing 35 mg ml À1 ampicillin at 309 K. When the cell turbidity measured at 600 nm reached an absorbance of about 0.2, isopropyl-1-thio--d-galactopyranoside was added to a concentration of 1 mM and culture was continued for an additional 16 h.
crystallization papers
Cells harvested by centrifugation were suspended in 25 ml of 50 mM Tris±HCl pH 7.5 containing 2 mM EDTA and disrupted by treatment with egg-white lysozyme (1 mg ml
À1
) for 30 min in ice. Following freeze-thawing and brief sonication, the cell debris was removed by centrifugation. The supernant was then treated with ammonium sulfate and the precipitate obtained between 40 and 55% saturation was dissolved in 1 ml of a buffer solution containing 10 mM Tris± HCl pH 7.5, 1 mM EDTA and 1 mM dithiothreitol. The solution was directly loaded onto a column of Sephacryl S200 (32 Â 980 mm) equilibrated and eluted with the same buffer. The active fractions were combined and applied to a column of DEAE-cellulose (DE-52, 32 Â 250 mm) which had been equilibrated with 10 mM Tris±HCl pH 7.5, 1 mM EDTA. The enzyme was eluted with a linear gradient between 60 ml each of solution A (10 mM Tris±HCl pH 7.5, 1 mM EDTA, 1 mM dithiothreitol) and solution B (70 mM potassium phosphate pH 7.2, 1 mM EDTA, 1 mM dithiothreitol). The enzyme was concentrated by ultra®ltration. The homogeneity of the enzyme was checked by SDS±PAGE. The recombinant enzyme lacks the N-terminal acyl group present in the liver enzyme, but shows the same kinetic and physical properties (Ogawa et al., 1988) .
Crystallization
Crystallization trials were performed at three different temperatures [incubator (299 K), room temperature (295 K), and cold room temperature (277 K)] by the hanging-drop vapor-diffusion method. Conditions for crystallization were searched initially by the PEG screen method. Protein solutions (20 mg ml
À1
) with and without added 5 mM AdoHcy were utilized in the screening experiment. Having obtained needle micro-crystals of the enzyme from the solution containing 10% polyethylene glycol molecular weight 4000 (PEG 4000), 100 mM MES buffer (pH 6.5), the optimal conditions for growing crystals for X-ray diffraction study were searched by varying the pH, buffer concentration, precipitant and temperature (277±299 K). Crystals suitable for X-ray diffraction studies ($0.70 Â 0.15 Â 0.15 mm) were grown in a solution containing 50 mM MES buffer (pH 6.5), 1 mM dithiothreitol, 5 mM AdoHcy, 20 mM guanidinoacetate, 8%(w/v) PEG 4000 with a protein concentration of 10 mg ml À1 in a 277 K cold room (Fig. 1). 
X-ray diffraction experiment
The tetragonal prism-like crystals of GAMT diffracted well to 2.8 A Ê , but were very sensitive to radiation; it was only possible to collect a few frames from each crystal. Conditions for cryocooling the crystals were therefore sought in an attempt to circumvent this dif®culty. A crystal (0.1 Â 0.1 Â 0.5 mm) in a hanging drop was scooped up in a nylon loop and dipped into a cryoprotectant solution containing 50 mM MES buffer (pH 6.5), 1 mM dithiothreitol, 5 mM AdoHcy and 20%(v/v) glycerol for 30 s before being¯ash-frozen in cold nitrogen gas (93 K) on a Rigaku R-AXIS IIc imaging-plate X-ray diffractometer with a rotating-anode X-ray generator as an X-ray source (Cu K radiation generated at 50 kV and 100 mA). The diffraction data were measured to 2.8 A Ê resolution (Fig. 2) . The data were processed with the program DENZO (Otwinowski & Minor, 1997) . The space group and unit-cell parameters are P2 1 and a = 54.8, b = 162.5, c = 56.1 A Ê , = 96.8 , respectively. From 72 400 re¯ections recorded on the detector, 23 515 independent re¯ections (96.8% complete) were obtained with R sym ( = jI À hIija jIj) = 0.054. The data statistics are given in Table 1 . The calculated unit-cell volume of 496 961 A Ê 3 suggests that there are four monomeric GAMT molecules in the asymmetric unit, with a V m of 2.39 A Ê 3 Da À1 , corresponding to a solvent content of 48% (Matthews, 1968) . We have started screening possible heavy-atom derivatives. The structural determination of GAMT will be reported in the future.
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